Three novel DLA-DRB1 alleles and one novel DQA1 allele have been identified in a panel of 367 dogs. These were suggested by unusual reaction patterns found in sequence specific oligonucleotide probing (SSOP) data. Four new alleles were confirmed using DNA cloning and sequencing.
Introduction
The DLA-DRB1 and DQA1 class II genes are known to be polymorphic, although the extent of their polymorphism and the distribution of these alleles in different dog breeds is as yet unknown. Twenty-nine DLA-DRB1 sequences have been published to date (Sarmiento et al ., 1990; Wagner et al ., 1996b; Francino et al ., 1997; , and several more previously unpublished alleles are listed in the DLA Nomenclature Report (Kennedy et al ., 1999a) .
So far, fewer DLA-DQA1 sequences have been identified, and it is possible that it is less polymorphic than the DRB1 locus. Ten DQA1 sequences have been published (Sarmiento et al ., 1992; Wagner et al ., 1996a; Polvi et al ., 1997) . A summary of all known DQA1 alleles has been reported (Kennedy et al ., 1999a) .
The naming of alleles in the DLA system is based on differences in the three hypervariable regions (HVR) of class II alleles. The extent of these regions has been defined by the DLA Nomenclature Committee in their recent report (Kennedy et al ., 1999a) . The HVR for DRB1 and DQA1 are indicated by shading in Figs 1 and 2.
Methods
This study includes data from 367 dogs, which were consecutive consultations at the University of Liverpool Small Animal Hospital. Excess blood taken for required clinical diagnostic purposes was collected into EDTA and frozen until required. The panel of dogs included over 60 different breeds, with numbers per breed ranging from 1 to 39. One group comprised crossbreeds of unspecified types. In total, 225 dogs were characterized for DRB1 and 325 for DQA1. A group of 181 dogs were typed for both loci. No selection of dogs by breed or any other criteria was performed. As far as can be ascertained, none of the dogs were closely related.
DRB1
DLA-DRB1 polymorphism was investigated in the series of dogs ( n = 225) by a sequence-specific oligonucleotide probing (SSOP) method (Kennedy et al ., 1999b) . Unusual reaction patterns of probes in some dogs indicated the presence of previously unidentified DRB1 alleles. Some dogs were also tested with sequence-based typing (SBT), as previously described . All dogs which had a possible new DRB1 allele were characterized by cloning and sequencing. Briefly, PCR product was ligated into a plasmid vector using an Invitrogen TOPO TA cloning kit (lnvitrogen, CA, USA). Eight colonies were picked from each agar plate and grown overnight in LB broth. Plasmid DNA was extracted using Qiagen plasmid mini kits (Qiagen, UK). Presence of the correct size of insert was tested using amplification with M13 forward and reverse primers. Individual clones were sequenced in both directions with BigDye Terminator cycle sequencing (Perkin Elmer, CA, USA). A minimum of three clones were sequenced for each new allele, and sequences for each allele were obtained from more than one PCR.
DQA1
DLA-DQA1 polymorphism was investigated in the series of dogs ( n = 325) by the sequence-specific oligonucleotide probing (SSOP) method (Kennedy et al . Submitted) . Unusual reaction patterns of the probes in several dogs indicated the possibility of previously unidentified DQA1 alleles. The DQA1 alleles in these dogs were characterized by SBT and /or DNA cloning and sequencing.
The DQA1 DNA cloning and sequencing method was the same as that described for DRB1 earlier. In brief, the SBT method was as follows. DLA-DQA1 intron primers were used for the first round of PCR. This was followed by direct sequencing using BigDye terminator kits (Perkin Elmer). The primer sequences were: forward 5 ′ CTC AGC TGA CCA TGT TGC (designed by L.J.K.) and reverse 5 ′ GGA CAG ATT CAG TGA AGA GA, taken from Wagner et al . (1996b) . PCR reactions were performed as described in Kennedy et al . (1999b) , but with an annealing temperature of 48 ° C. The PCR product was purified with a Centricom column (Amicon, UK) prior to the cycle sequencing reaction. Cycle sequencing was performed as described in the protocol provided with the BigDye terminator kits (Perkin Elmer/Advanced Biosystems, CA, USA). The purification protocol was modified in order to eliminate the dye blobs and to facilitate accurate reading of the sequence near to the primers. The reverse sequencing did not work well with the intron primer used for the first-round PCR and a nested primer was therefore designed: 5 ′ CAG TGA AGA GAG GCA GAA. The cycle sequencing products were run on a 36-cm gel (6% acrylamide (29:1), 1 × TBE, 7 m urea), on an ABI 377 DNA sequencer (Advanced Biosystems). Analysis of the sequence data was performed with dedicated software, as described by . Sequencing was performed in both directions, and identical data for DQA1*01001 were obtained from two different clones from one PCR and from SBT data from a second PCR.
Results

DRB1
Three new alleles were found; one, DRB1*00802, in three different dogs, and the other two alleles, DRB1*01601 and *02901, in single animals only. DRB1*00802 differs from *00801 for the epitope at codons 84-86. DRB1*02901 differs from *00801 for the same epitope, but is also different at codon 37, in the second HVR. DRB1*01601 differs from *01801 at codon 13, in the first HVR (see Fig. 1 ). These new alleles have been added to the complete nucleotide sequence alignments in the DLA Nomenclature Report (Kennedy et al ., 1999a) .
DQA1
The DNA sequencing confirmed the existence of a new DQA1 allele, called DQA1*01001, which shares some similarity with DQA1*00301 (see Fig. 2 ). The complete DQA1 nucleotide sequence alignments can be seen in the DLA Nomenclature Report (Kennedy et al ., 1999a) .
Discussion
The changes seen in the three new DLA-DRB1 sequences are typical of the motif shuffling that is so evident in the human MHC, and suggest that there are many such sequence variants to be found. The new DQA1 allele, DQA1*01001, also represents shuffling of known motifs into a new combination.
The DLA-DRB1 SSOP method described (Kennedy et al ., 1999b) has been designed to detect the main differences in the three HVR, plus the motifs at codons 77-78 and 84 -86. Thus some sequence variation outside the three HVR will not be detected. We may therefore be under-estimating the overall level of polymorphism of DLA-DRB1.
Since DLA-DQA1 SSOP data have now been generated for over 300 dogs (Kennedy et al . submitted) , and yet only one new allele has been found. this would suggest that DLA-DQA1 is not nearly as polymorphic as DLA-DRB1. This is similar to HLA-DQA1, which is also much less polymorphic than HLA-DRB1.
